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COMPLETE SPBCIFI!Q\.TION 

Process for production of Estrnded Magnesiiun-Iitbium 
Alioy Artseies 



Wb, The Dow Chemical Companst, « 
Corporsiion organised and ejdscing under the 
laws of tiie Srace of Dciavt-arej United Scares 
of ;\mcrica, of Midland, County of Midland, 
State or Michigan. United States of America, 
do bcraby declare the invention for wfaidi we 
pray that a patent may fac grani^d to us and 
die method by which it is lo be performed to 
be paruoibiiy described in and by the fol- 
lowing statcnsnt: — 

The invention relates to a process for pro- 
duction of extruded magncsium-iithium alloy 
arricles having improved strength properties. 

Magnesium-lithium alloys have been of 
intemsi heretofore but such dJovs containing 
lcs^ than about 5 pcrcmt litiiium have had 
reiatiyciy low strength properties, and alloys 
containing greater quantities of lithium arc 
uneconomical and tend to ovsnige at room 
temperatures rcsuidng in loss of initial high 
strength properdes* 

It has now been found that addicicns of 
lead or tin to magnesium containing lithium 
in a critical range of proportions prodncRg 
alloys which when extruded and age hardened 
can produce anidcs having unusually bigii 
strength values. Tnc present invcmion accord- 
ingly provides a process for die production of 
such arcidesj whicli process is characierjced by 
(a) heating to a tcmncrature within the range 
of from 300 to 425°C, a magncswm-baac alloy 
consisting, by woighi, of fiorn 0.4 to 10 per- 
cent liduum, from 3 to 20 percent tin or lead 
or a binary mixture of tin and lead, up to 4 
percent alnminiuni, up to 2 percent man- 
ganese, up to 3 percent zinc, up m 0^ percent 

[Price Ss, Od.] 



zirconium, and d:e baiance magnesium to- 
gether with such impurities as are normally 
present therein; (b) die e::prefising the heated 
alloy at a rate of at least 15 m. per minute; 
and (c) hardening me die e::presse'd alloy at a 
tempBrature within the ranee" of from 120^ to 

In more preferred ranges of campositions, 
the alloy contains from 0,4 to 2 percent bv 
weight cf lithium and from 3 . to 15 percent 
by weight of tin or from 5 to 20 oercant of 
lead. 

Tlie alloy conaining lithium and tin or lead 
may be further improved or modified by the 
addition of up to 4 percent of ahmiinum, up 
to 2 percent of manganese, up to B oercent of 
zinc and up to 0.2 percent of iirconium. These 
additions are generally made to improve 
miichanical propcnies and may be "made 
severally, or piurally in any comhinauon. Tlie 
addition of manganese tends also to improve 
the coiTosion resistance of the alloy. Addi- 
tions of aluminum and manganese arc often 
made concurrendy to the same alloy. More 
preferred ranges of additions are: up to 2 
pcrccni of aluminumj up to 1,5 percait of 
manganese, up to U percent of zinc, and up 
to 0.1 percent of zirconhim. 

Dc is to be noted that while tin ajid lead bodi 
improve the properties of the basic mag- 
nesium-lithium alloy and both additions pro- 
ducc a metal which is quite advantageously 
emuded, the albys containing tin and itit 
alloys containing lead are different in some 
respects. The alloys containing lead exhibit 
reasonably good resistance ro salt water, which 
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is surprising on considering xhc wide spread 
in solution potential between lead and^ mag- 
nesium. The corrosian resistance of the tin 
alloys ia better than the lead alloys. To attain 
5 maxiiTnin: sirengthj the alloy containing tin is 
rapidly coolifd as by water quenching the metal 
inimediatcly after subjecting the meia! to a 
wrought operation such as extrusion. 
The alloy may be nmde in the^ desired pro- 

10 Dortions according to the invenuon by melt- 
ing togeuier the y-HoyiDg ongtcdicnis in proper 
proportions or by uBing hardeners of noag- 
nesium alloyE containing the alloying con- 
stituents. Protection from oxidation during 

IS alloyisg con bo ettected by the use of a ftniine 
fiux, as in convsntional alloying of magnesium. 
Tne molten alloy may be fiux rcfnedj if 
desired, hy stirring the alloy with additional 
flux. The sD-refmcd metal is allowed to settle 

20 and then ia separated from the flux as by 
decanting into a suitable casting mold, cg.^ a 
round moid for extrusion stock. 

In preparing extruded mausnal, it is desir- 
able l&st' to scalp die cast cxtmsion stock w 

25 as to present a smootfaj clean surtace to the ex- 
trusion die. The clean exirusian stock is heated 
to a tanpcraturt of from 300 lo 425*C: in- 
serted info the container of an extrusion press 
and die expressed. Tne present alloy is ex- 

30 rrudcd at speeds of at least 15 m. per minute 
and may even be expressed at spcetis of 30 m. 
per minute or more, substanua'Uy without re- 
duction in mechanical strength properties, 
According to the method of the invention, the 

25 present alloys containing tin are advan- 
tageously wmtcT quenched as the extmsion 
emerges from thc'dh, The extruded metal, 
with or without water quenching, is then 
subjected to an aging step. Aging is carried 

40 out by heatinp: the meal at a temperature of 
120= to unci! a substantial "amounr of 

prccipitauon lmrd:ning taices place. The time 
of aging will depend on the temperature em- 
ploji^ and may vary from about a week at the 

4B lower temperatures 'to about 2 hours at the 
higher temperatures. Aging at about 175^0, 
for 24 hours has given excellent results. 

The following examples further illusciuie 
thfi invennon. 



' Examples 50 
Melts of composirioas according to the m- 
vcniion as well as alloys used for comparison 
were prepared by nwlting together, und^r 
saline *fiux, niagncsium and the individual 
metallic constituents. The melts were flux it- 55 
iinctj and settled in a convcntionai fashior;. and 
cast into 75-mm. diameter extrusion billets. 
The billets were scalpedj preheated to about 
340*^ C; mserted m the container of an ex- 
trusion press which had been preheated to 315 60 
to 340^C. The metal was misled into 1/16- 
inch by 7/S-inch (1-6 x 22 mm.) strip at a 
rare of 30 m. per minute. Pan of each push 
was water quenched. Samples of quenched and 
unouenchcd extruded metal were aged at tt 
175°C for 24 hours and then subjecred to 
physical tcsdng along with samples of the ex- 
inision which had not been aged. The test 
results and the compositions prepared and the 
proCBBSinj; conditions are indicated in the foi- 70 
lowing lables- 

In Table I there is illuKraied the benencial 
effect of adding various amounts of lithium 
to a magnesium-base alloy containing 5 percent 
of tin. Note also the beneficial consequences 75 
of aging and of water quenching. In Table II 
there is illustrated the "improvement jn proper- 
ties on addinj^ various amounts of tin to a 
magncsium-liihium alloy containing i.5 per 
cent of lithium. In Tabic III there is Illu&- CO 
trated the high level o: strengths obtained on 
maldng additions of aluminum, manganese, 
zinc, or, aluminum and mangimeae to a mag- 
nesium-liihium-tin alloy. In Table IV there is 
iliusrratcd the property levels obtained on 85 
adding various amounts of lithium to e mag- 
nesium alloy containing 9 percent of lead. In 
Table V there is illustrated the increased 
5treng:h properties exhibited on adding in- 
creasing amounts of lead lo a magnesium- 90 
lithium alloy containing 1.5 percent of lithium. 
In Table VI there is illustrated the effect of 
adding zirconium or zirconium and zinc to 
magnesium-Hchium^lead alloy. 

In the tabicsi compararivc cxamDics out- 95 
side the scope of the invention are indicated 
hy an asterisk (*). The balance of the alloy 
compositions is magnesium. .Abbreviations 
used in the tables are as follows; 

% E = Percent elongation 100 
TVS = Tensile yield strength in i:g./cm.' 
TS=Ultmiaie wifiile strength in kg./cm.^ 
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WHAT WE CLAIM IS : 

1. process for iht produaion of ccirudcd 
majrnesiurn-lichjum alioy ardcics having im- 
proved strsngih properties characrerizcd by 

5 (a ■ bcaiins to a tcmpcrauire whhin the range 
of from 300 to 425°C a magnesium-base alloy 
consisiingj by "weight, of from 0.4 to 2,0 per- 
cent Ilthiuna, from 3 ro 20 pcrcimt tin or lead 
or a binary ini>;ture of tin and lead/ up to 4 

10 percent alumlnuiTi, up lo 2 pcrctni macgancse, 

- up to 3 p^rcam 2in:, up lo 0-2 pacent zir- 
c-c.iam, and ilie balance magnuaium together 
with 5uch impurities as arc normally present 
therein; (b) die C!q:rc5sing the beared alloy ai 

15 ii. r.itp. nf ai I^arw 15 m. per minute; and (c) 
age hardening. ihc die expressed alloy at a icjn- 
pcrature within the range of from 120" lo 
230-^0. 

2. A process as claimed in Qaim 1| wherein 
20 the die expressed alloy containing tin is 

rapidly cooled as it enaergcs from the press. 

3. A process as cbimud in Claim 1 or 2, 
wherein the magnesium-base alloy cniployed 
consists, by weigbi of from 0.4 to 02 percent 



nrh>«m, from 2 jc 15 pefcem im, up to 2 
percent aiuminud: up to 1.5 percent man- 
ga?.ese, up :o 1.5 percent zinc, and the oaiance 
magnesium together with such impuriues as 
arc uormally present therein. . , u v 

4. A process as dwined m Caim 1, wherein 3U 
the magnesium-basc alloy empioy-ed consists, 
by weigh;, of from 0.4 to 2.0 percent lithium, 
from 5 to 20 percent of lead, up to 2 percent 
aluminum, up to 1,5 peicen: anc, up to 0.1 
percent zii-conium, and the balance magnesium 35 
togcrher v/ich such impurities as are pormaUy 
prescm therdn. . r 

5 \ process for the produciion of cxiruQcta 
raagn-'sium-lithium alloy oiticles according to 
Qaim I iubSiantialJy as described hcrcinbe- 40 
fore with rifcrcncc to any one of the e2:amples. 

6. EsTLTuded magnesium-lithium alloy 
anidfis whenever produced by the process of 
any of the preceding claims. 

BOULT, WADE & TENNANT, 
m and 112, Hatton Garden, London, E-Cl., 
Chartered Patent Agents. 
Agcnw for the Applicants. 
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